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Abstract

Microsatellite discovery from genomic libraries is tedious because of the low number of
clones that contain inserts and costly because of screening methodologies. A new procedure
for screening clones for microsatellite DNA is described herein. Instead of colony hybridization,
a polymerase chain reaction (PCR) with two vector standard primers and one synthesized
repeat primer was used to directly screen colonies. PCR of colonies that produced a strong
smear in gels contained the desired motif, whereas a single strong band indicated the lack
of the desired motif. This simple screening method is a cost-effective way to identify
microsatellite-containing colonies.
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Microsatellites or simple sequence repeats (SSRs) are very
useful genetic markers and are abundant and highly
polymorphic in most eukaryotic nuclear genomes (Tautz
1989). Several methods for microsatellite loci isolation
have been reported (Ostrander 

 

et al

 

. 1992; Kandpal 

 

et al

 

.
1994; Kijas 

 

et al

 

. 1994; Edwards 

 

et al

 

. 1996; Lench 

 

et al

 

. 1996;
Fischer & Bachmann 1998; Hamilton 

 

et al

 

. 1999; Zane 

 

et al

 

.
2002) and most involved construction of a small insert
genomic library, microsatellite library enrichment, and
SSR motif-containing colony selection. Based on previous
studies for large-scale SSR exploitation, approximately 1–
10% of the selected colonies from nonenriched genomic
libraries contained SSRs, whereas about 20–75% of colonies
from an enriched microsatellite library had the desired SSR
motifs (Hamilton 

 

et al

 

. 1999; Wang 

 

et al

 

. 2004). Regardless
of the way in which the libraries are prepared, colony
hybridization or Southern hybridization is one of the key
steps to screen SSR-containing colonies. Both techniques
involve tedious work and higher costs. A more expensive
alternative to hybridization is DNA-sequencing analysis of

all colonies. Recently, several (polymerase chain reaction)
PCR-based methods were developed to isolate microsatellite
from BAC libraries by direct sequencing using repeat-
containing oligonucleotides (Fujishima-Kanaya 

 

et al

 

. 2003;
Waldbieser 

 

et al

 

. 2003; Chen 

 

et al

 

. 2005). These approaches
required either a degenerate repeat-specific primer or
microsatellite-flanking sequence information and resulted
in a relative higher percentage of false positives. Colony PCR
with vector M13 primers and a degenerated repeat-specific
primer (Lunt 

 

et al

 

. 1999) or nonbiotin-labelled tetranucleotide
oligo (Gardner 

 

et al.

 

 1999; Vadopalas & Bentzen 2000) also
has been used to detect microsatellites. Those clones
that produced two (or more) bands (Gardner 

 

et al

 

. 1999)
or a smear of products (Vadopalas & Bentzen 2000) were
considered likely to contain microsatellites.

In this investigation, we used colony PCR with three
primers (both forward and reverse vector primers and one
synthesized complementary di- or trinucleotide repeat
primer without any degenerate nucleotides as an anchor)
to screen microsatellite-containing inserts. Those clones
that produce a PCR smear on agarose gel are considered
containing microsatellite motif. This method is rapid and
efficient at screening and detecting potential microsatellites
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from genomic libraries compared to colony or Southern
hybridization and detects a high percentage of SSR-
containing clones. This method may be applied to any
other small insert genomic libraries.

Genomic DNA was isolated from leaves of flowering
dogwood (

 

Cornus florida

 

 L.), ‘Cherokee Princess’, using
DNeasy Plant Mini Kit (QIAGEN) according to the manu-
facturer’s instructions and then digested with several
blunt-end restriction enzymes (

 

Alu

 

I, 

 

Hae

 

III, or 

 

Rsa

 

I) to
obtain 300–800 bp fragments. The blunt-end fragments
either were ligated directly into 

 

Eco

 

R V-cutting pBluescript
SK II (+) vector (Stratagene) (nonenriched small-insert
genomic library) or ligated to adaptors, enriched with
streptavidin-coated magnetic beads and then ligated into
the same vector (enriched library) (Hamilton 

 

et al

 

. 1999).
Four SSR enriched libraries were obtained for the following
motifs: (TG)

 

12

 

 (TC)

 

12

 

 (ATG)

 

8

 

 and (AAC)

 

8

 

.
White colonies growing on LB-ampicillin medium with

indicator IPTG and X-Gal were placed into 96-well plates
containing 200 

 

µ

 

L LB freezing medium (Sambrook 

 

et al

 

.
1989) with 100 

 

µ

 

g ampicillin/mL and incubated at 37 

 

°

 

C
for 15 h. Cells were stored at 

 

−

 

80 

 

°

 

C or used for colony PCR
amplification immediately. Ten microlitre PCR mixtures
consisted of 1 

 

µ

 

L of GeneAmp 10

 

×

 

 PCR Buffer II (Applied
Biosystems), 1 

 

µ

 

L of 25 m

 

m

 

 MgCl

 

2

 

, 1 

 

µ

 

L of each 2 m

 

m

 

 of
dNTPs, 0.04 

 

µ

 

L of 5 U Ampli

 

Taq

 

 Gold DNA polymerase
(Applied Biosystems), and 3.96 

 

µ

 

L of water, 1 

 

µ

 

L of 2.5 m

 

m

 

vector forward primer T

 

3

 

 (5’-AATTAACCCTCACT-
AAAGGG-3’), 1 mL of 2.5 m

 

m

 

 vector reverse primer T

 

7

 

(5

 

′

 

-GTAATACGACTCACTATAGGGC-3’), 1 

 

µ

 

L of 2.5 m

 

m

 

of one of the following SSR motif oligos: (TG)

 

12

 

 for (TG)

 

n

 

library (TC)

 

12

 

 for (TC)

 

n

 

 library (ATG)

 

8

 

 for (ATG)

 

n

 

 library or
(AAC)

 

8

 

 for (AAC)

 

n

 

 library. Cells were transferred with a
pipette tip to the PCR master mix in 96-well plates. The
PCR program was 96 

 

°

 

C for 5 min, followed by 35 cycles of
95 

 

°

 

C for 1 min, 50 

 

°

 

C for 1 min, 72 

 

°

 

C for 1 min, and 72 

 

°

 

C
for 1 min and performed on Eppendorf Autorisierter
Thermocycler. PCR products were separated on 2%
agarose gels and visualized with ethidium bromide.

Plasmid DNA of 768 colonies that showed smears in
agarose gels were isolated using a modified alkaline lysis
method and sequenced (ABI Big-Dye version 3.1 terminators)

on a Model ABI 3730XL capillary electrophoresis DNA
sequencer with 50 cm arrays.

We constructed both a small insert genomic library
(nonenriched) and four repeat-enriched libraries. Primers
T

 

3

 

 and T

 

7

 

 can amplify any fragment within the molecular
cloning site (MCS) of cloning vector (Fig. 1A); therefore,
when a nonmotif insert is present only one strong, distinctive
band was present in the gel (Fig. 1B; lane 14). However, if
one of the SSR motifs was present, the third primer annealed
to different sites within the repeat area (Fig. 1A) and the
various products were detected as a smear in the gel (Fig. 1B;
lanes 2–13). Initially, 10 colonies from each enriched library
in which PCR had revealed a smear of products were
selected for sequencing and all contained the desired motif.
Additionally, 10 colonies that produced only a single clear
band were sequenced and none contained any repeats.

The four different enriched libraries were screened
using this PCR method. An average of 46.8% (with a range
of 29–64%) of the selected colonies from four enriched
libraries showed smear patterns indicating the possible
presence of microsatellites (Table 1). Although the rate of
SSR enrichment is lower than in other studies (Wang 

 

et al

 

.
2004), it is similar to others that used the method Hamilton

 

et al

 

. (1999) for enrichment. Colonies from the small insert
library before enrichment were examined and approximately
2% showed smear patterns (data not shown). Thus, the
Streptavidin-based enrichment methods increased the
presence of microsatellites 23.4-fold on average (15–32-fold)
over the original small-insert library.

From the 1034 smear-positive colonies, 768 inserts (equal
to eight 96-well pates) were sequenced and 760 contained
repeats; eight contained very short (< 4) repeats. Thus,
about 99% of smear-positive colonies contained SSRs, which
is higher than other PCR methods (Lunt 

 

et al

 

. 1999; Fujishima-
Kanaya 

 

et al

 

. 2003; Waldbieser 

 

et al

 

. 2003; Chen 

 

et al

 

. 2005).
In contrast, Vadopalas & Bentzen (2000) detected clones
that potentially contained SSRs by smears of products in
agarose gels using either the M13 forward or reverse
primer with a (GATA)

 

7

 

 second primer, a third primer
was not used. However, only 76% (62 of 82) of the smear-
positive clones contained the proper microsatellite motif.
In our study, there is no significant relationship between

Table 1 Analysis of colonies containing microsatellite motifs in enriched libraries

Motifs

Libraries (AC)n (TC)n (ATG)n (AAC)n

No. of white colonies* 480 768 480 480
No./% of colonies with PCR product smear in agarose gel 263/54.8 490/63.8 138/28.8 143/29.8
No. colonies selected for sequencing of insert 192 384 96 96
No./% of colonies containing motif† 191/99.5 383/99.7 92/95.8 94/97.9

*White colonies on LB-ampicillin medium (Sambrook et al. 1989); †inserts with repeat length less than four were not included.



 

560

 

TECHNICAL ARTICLE

 

© 2006 The Authors
Journal compilation © 2006 Blackwell Publishing Ltd

 

smear patterns and the length of repeats. However, if the
smear was short and intensely stained, and was at the
expected insert size (400–800 bp), the possibility of longer
microsatellite with flanking sequence was increased. In
contrast, if the smear was dispersed over a wider range of
products and not stained strongly, it is likely that a short
repeat (< 10 repeat units) was present. However, colonies
producing weakly stained PCR smears should be sequenced
as all contained an SSR with the proper motif (data not
shown).

Traditionally, colony or Southern hybridization is used
to screen microsatellites from various enriched libraries
(Ostrander 

 

et al

 

. 1992; Kandpal 

 

et al

 

. 1994; Kijas 

 

et al

 

. 1994;
Edwards 

 

et al

 

. 1996; Lench 

 

et al

 

. 1996; Connell 

 

et al

 

. 1998;
Fischer & Bachmann 1998; Hamilton 

 

et al

 

. 1999). Both col-
ony and Southern hybridization require 3 days to screen
positives. However, our PCR screen needs only 3 hours
(excluding subculturing of clones) and is less expensive
(avoids nylon membranes, labelling probes, and isotopes).
Although several PCR-based methods obviated colony

hybridization, they still needed a degenerate repeat-
specific primer and/or sequence information to design
the reverse primer. These techniques also generated a
relatively higher proportion of false positives (Lunt 

 

et al

 

.
1999). Nondegenerate primers also have been used in the
PCR colony screening either producing two or more bands
(Gardner 

 

et al

 

. 1999) or a smear of products (Vadopalas &
Bentzen 2000). However, using a two-primer system, 25%
false positive clones with a tetranucleotide insert motif
were identified (Vadopalas & Bentzen 2000). The present
system is almost 100% correct for identifying SSR motif-
containing colonies. In contrast, isolation of microsatellites
from genomic libraries without enrichment by direct
sequencing using repeat-containing oligonucleotides is
easy, but identifies a very lower percentage of insert
positive colonies (Connell 

 

et al

 

. 1998; Adcock & Mulder
2002).

With the present study, 99% of the colonies that produced
a short, strong PCR smear contained microsatellite repeat
sequences. The detection of higher percentages of positive

Fig. 1  Sketch map (A) of PCR amplification
for detection of DNA inserts. If insert does
not contain desired motif (AC), only one
amplification product (sequence between
two internal plasmid primers (T3 and T7) is
possible and a single band appears in the
lane (see lane 14 in B). However, if insert
does contain proper motif (AC), the third
primer (TG)12 anneals at various positions
within the insert and yields variable length
amplified products. The products produce
a ‘smear’ in an agarose gel, which indicates
the desired motif is present (see lanes 2–13
in B). Colony PCR amplification (B) with
vector standard primers T3 andT7 and
repeat (TG)12 primer from (AC)n-enriched
microsatellite library of Cornus florida.
Lanes 2–13 indicated PCR pattern of
colonies that contain microsatellite motifs
— note the diffuse staining ‘smears’. Lane
14 showed only one prominent band
indicating an insert, but it did not contain
the proper microsatellite motif. Lane 15 is
the empty (without insert DNA) vector.
Size standard (lanes 1 and 16) is 1 kb DNA
ladder.
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colonies decreases the cost of subsequent sequencing for
most small laboratories. Furthermore, PCR screening is
cost-effective compared to randomly sequencing colonies
from microsatellite-enhanced libraries, especially given
the variable success rates (25–65%) for enriched libraries.
For example, if the cost of bidirectional sequencing is $5 per
insert and the cost of our PCR screen is $0.20 per reaction,
then identifying 1000 colonies from an enhanced library
containing 50% microsatellites would cost $5000 using
DNA sequencing alone and only $2700 using the PCR screen
[(1000 colonies 

 

× 

 

$0.20 PCR) + ($2500 colonies bi-directional
sequencing) vs. 1000 colonies 

 

× 

 

$5 for bi-directional sequenc-
ing]. Cost savings increase when percentage of colonies
containing desired inserts goes down, which makes
our PCR screen better suited for genomes where library
construction or SSR enrichment is difficult.

This simple PCR screen for SSR-containing colonies has
the following two main advantages for small research
groups: (i) there is no need for colony hybridization to
detect desired inserts; and (ii) substantial time and cost
savings are realized by not having to sequence inserts that
do not contain the proper motif. The colony PCRs are 99%
effective in detecting SSRs and are easy to complete in min-
imally equipped laboratories.
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